We estimate the impact of the ECB's announcement of the extended asset purchase programme (EAPP) on 22 January 2015 on global equity prices, bond yields and the euro exchange rate. We find that the EAPP announcement benefited global financial markets by boosting equity prices in the euro area and the rest of the world. At the same time, the EAPP announcement caused a depreciation of the euro vis-à-vis advanced and emerging market economy currencies. Comparing the EAPP to previous ECB announcements of unconventional monetary policies, the main channel of transmission of the EAPP announcement to global financial markets was through signalling-the ECB convincingly conveying to market participants that its future monetary policy stance will remain accommodative-rather than through improving confidence (as was the case for the OMT) or through portfolio re-balancing (as for the SMP). Similarly, in contrast to the OMT and the SMP announcements the signaling channel also played a major role for the domestic financial market impact of the EAPP. Cross-country heterogeneities in the global financial market spillovers from the EAPP announcement were linked to differences in economies' financial openness, exchange rate regime, trade and financial integration with the euro area and their attractiveness for carry trades.
Introduction
Against the background of falling inflation across the euro area, on 22 January 2015 the ECB announced an extended asset purchase programme (EAPP) under which it would engage in monthly purchases of sovereign bonds of 60 billion euro at least until September 2016. Knowledge about the impact of this policy measure on domestic and foreign financial markets is crucial for the calibration of future policy both in the euro area and abroad, given the strong integration of the global economy. In particular, in the euro area the perceived trade-off between the expansionary effects of the EAPP and possible financial stability risks will determine whether such an unconventional monetary policy measure will be an option in the future. In emerging market economies, policymakers need to be aware of possible capital flows to their financial markets which might fuel asset price bubbles and exchange rate over-valuations.
Unconventional monetary policy measures are typically discussed and partly anticipated by financial markets well before they are actually implemented. This renders it difficult to identify the overall effect of announcements of unconventional monetary policy measures using event-study frameworks. Indeed, the EAPP was partly anticipated by markets before its announcement due to information spread gradually in the weeks prior to the ECB's Governing Council meeting of 22 January 2015. As a result, the impact of the announcement on 22 January 2015 presumably only reflects a fraction of the overall global financial market effect of all EAPP-related news.
1 For this reason, in this paper rather than estimating the total effect we confine ourselves to studying the effect of the announcement of the EAPP on 22 January 2015. Specifically, our goal is (i) to assess the patterns of global financial market responses to the EAPP announcement on 22 January 2015 across asset classes and regions; (ii) to compare the effects of the EAPP announcement on 22 January 2015 with those of other major ECB announcements of unconventional policy measures; (iii) to assess the relative importance of the transmission channels; and finally (iv) to explain the cross-country heterogeneity in the impact of the 1 EAPP announcement on 22 January 2015. In order to do so, we do require some surprise component in the EAPP announcement on 22 January 2015: While market expectations concerning the total volume of purchases amounted to 500-700 billion euros according to
Reuters polls, the ECB announced that the EAPP would involve purchases of more than 1 trillion euros; moreover, markets were surprised by the open-ended character of the purchase programme, which is intended to be carried out until at least September 2016
and in any case until the Governing Council sees a sustained adjustment in the path of inflation that is consistent with its aim of achieving inflation rates below but close to 2% over the medium term.
Our paper is related to the literature on the global financial market effects of unconventional monetary policy measures. This literature has mostly resorted to event studies in order to gauge the responses of global financial markets to announcements of unconventional measures in the US. The findings in this literature generally suggest that US unconventional monetary policies had large asset price and capital flow spillovers (Neely, 2010; Fratzscher et al., 2013; Moore et al., 2013; Rogers et al., 2014) . Bowman et al. (2014) employ VAR models and identification through heteroskedasticity and find that unconventional monetary policies in the US had a large impact on emerging market economies with substantive cross-country heterogeneity. And Bauer and Neely (2014) study the international transmission channels of US unconventional measures based on dynamic term structure models, finding that there were some differences in the relative importance of the signalling and portfolio re-balancing channels across major advanced economies.
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In contrast to the US case, only few studies have investigated the global effects of previous ECB unconventional monetary policy measures, i.e. the Securities Markets Programme (SMP) and the Outright Monetary Transactions (OMT). In particular, Fratzscher et al. (2014) consider the global asset price reactions to these ECB unconventional monetary policies, finding that they boosted global equity markets, lowered credit risk among G20 banks and sovereigns, but that they did not lead to international portfolio re-balancing across regions and asset classes. Comparing the impact of unconventional monetary policy measures in the US, the UK, Japan and the euro area, Rogers et al. (2014) We find that the ECB's EAPP announcement on 22 January 2015 caused a broad-based depreciation of the euro and a boost in euro area as well as global equity prices, while the impact on bond prices was muted. Across regions, both equity markets and exchange rates reacted slightly stronger in emerging market economies compared to advanced economies.
Looking at transmission channels, global equities benefited from positive confidence effects, while euro area equities gained through signalling, confidence and portfolio rebalancing channels. The ECB's signalling that its future monetary policy stance will remain accommodative was the major driver for the depreciation of the euro. The rest of the paper is organised as follows. Section 2 lays out our empirical framework and describes our data. Our results are presented in Section 3. Finally, Section 4 concludes.
Econometric Model
In order to estimate the impact of the EAPP announcement on 22 January 2015 on global financial markets we consider a standard event-study framework that allows us to control for non-EAPP related market news (see, for example, Fratzscher et al., 2014; Rogers et al., 2014) . Specifically, we consider the regression
where the dependent variable y i,t is either (i) the percentage change in the euro bilateral exchange rate vis-à-vis country i's currency, (ii) the change in country i's ten-year government bond yield (in percentage points), or (iii) the return on country i's major stock market index. The explanatory variable of interest is the dummy variable EAP P EA,t which equals unity on 22 January 2015, and the control variables include contemporane-ous surprises in macroeconomic data releases in the euro area, the US and country i.
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The estimation sample is daily, spans the time period from 1 January 2007 to 31 January 2015 and the euro area's 39 major trading partners.
5
The ECB announced the EAPP in a press conference on 22 January at 2. Table 2 reports our findings for major advanced economies and country groups. 7 In particular, our results suggest that the EAPP announcement caused a broad-based depreciation 4 More specifically, we consider the Citigroup Economic Surprise Indices which are calculated as the normalised deviation of the actual data release from the market consensus prior to the release. For countries for which Surprise Indices are not provided we use the respective regional indices.
Exchange rate effects and global financial market impact
5 See Table 1 for details. 6 We consider closing prices in t + 1 for all bonds and opening prices in t + 1 for all equity indices in robustness checks in Section 3.4.
7 In order to aggregate results to the country-group level we use euro area trade weights in case of the euro exchange rate and GDP weights in case of bond and equity returns.
of the euro vis-à-vis its major trading partners.
8 The depreciation of the euro was less pronounced against advanced economies (-1.4%) than against emerging market economies (-2.4%). However, this finding masks substantial heterogeneity in the exchange rate impact among advanced economies. In particular, the euro weakened markedly against the US dollar (-2.1%) and the Japanese yen (-1.7%), but less so against the currencies of its neighboring countries in the EU (-1%) and of non-EU advanced economies (-1%).
In turn, among emerging market economies the depreciation of the euro was most pronounced against currencies in Central Europe, Middle-East and Africa (CEMEA) and
Latin America (around -3%), but less pronounced against Asian currencies (-2.1%).
Equity prices increased across the globe in response to the EAPP announcement. Equity markets benefited somewhat more strongly in EMEs, in particular in Asia (+2.5%) and CEMEA (+1.9%). Stock markets also jumped markedly the euro area (+1.7%) and the US (+1.5%). In contrast to equities and the euro exchange rate, the immediate impact of the EAPP announcement on global bond yields was muted: Sovereign bond yields were stable across advanced and emerging market economies, with the exception of euro area, Japanese and Asian emerging markets economies where sovereign bond yields declined somewhat. 9 The limited decline in global sovereign bond yields may be explained by the already very low yields, in particular in many advanced economies. The finding that lower sovereign yields in the euro area did not generally drag down yields in other advanced economies-including the US-is consistent with the results of existing studies on previous ECB announcements of conventional and unconventional monetary policy measures (see Ehrmann and Fratzscher, 2005; Fratzscher et al., 2014; Rogers et al., 2014) .
8 For the effects on the euro exchange rate we drop Bulgaria and Denmark from the sample as their currency is pegged to the euro.
9 Notice that the difference in the results for bond yields between Asian economies and the rest of the world may be due to us using closing time fixings on the day following the EAPP announcement on 22 January 2015 in our baseline regression. Below we report robustness checks in which we consider closing prices for bonds for all countries.
Transmission channels
In order to shed light on the transmission channels that underpinned the global financial market impact of the ECB's EAPP announcement on 22 January 2015, we empirically test for the signalling, portfolio re-balancing and confidence channel. These are the main transmission channels through which announcements of unconventional monetary policies can affect asset prices, both domestically and internationally. In order to test empirically for these channels, we modify Equation (1) to
j ∈ {V IX, EA spread, Inf lation expectations, Bond f lows, Equity f lows} (2)
In particular, in order to test for confidence effects, we consider two measures of investor confidence as alternative dependent variables in Equation (2). First, we consider the VIX as a measure for global investors' risk appetite. Second, we consider intra-euro area sovereign bond yield spreads as a proxy for euro area-specific risk aversion.
10 We test for the signalling channel by examining the impact of the EAPP announcement on real interest rates. 11 Finally, we follow Fratzscher et al. (2013) and consider high-frequency data on international portfolio flows to test for the portfolio re-balancing channel. 12 The results for these additional dependent variables are reported in Table 3 .
Domestic financial market impact
For the domestic financial market impact of the EAPP announcement on 22 January 2015, our results are consistent with (i) the boost in euro area equities having been driven by the signalling, confidence and portfolio re-balancing channel, and (ii) the fall in euro 10 Intra-euro area bond yield spreads are calculated as the difference between the ten-year sovereign bond yields in Italy and Germany.
11 Real interest rates are derived from nominal bond yields and inflation expectations. For inflation expectations we consider data on ten-year zero-coupon inflation-linked euro area government bonds.
12 We consider weekly debt and equity flows and therefore the cumulative flows up to one week after the announcement. area sovereign bond yields having occurred through the confidence channel. In particular, euro area equity valuations were supported by a decline in real interest rates that resulted from falling local bond yields and a rise in inflation expectations as a consequence of the ECB convincingly signalling that its future monetary policy stance would remainespecially relative to that in the US-accommodative (the signalling channel). Moreover, euro area equities benefited from investor re-balancing from non-euro area into euro area equities (the portfolio re-balancing channel). Finally, euro area equities also benefited from positive confidence effects reflected in a fall in the VIX in response to the EAPP announcement; this is also consistent with the fall in the intra-euro area bond yield spread.
In contrast, the results do not provide evidence for portfolio re-balancing into euro area bonds, leaving confidence effects as the only explanation for the fall in their yields.
Global financial market impact
Concerning the global financial market spillovers from the EAPP announcement on 22 January 2015 the results are consistent with (i) the rise in non-euro area equity prices having been driven by positive confidence effects, and (ii) the depreciation of the euro exchange rate having occurred through the signalling channel and, to a lesser extent, the portfolio re-balancing channel. In particular, the results suggest that non-euro area equity returns benefited from an increase in investors' risk appetite as reflected in the fall in the VIX. This finding may partly reflect abating concerns of market participants over the long-run growth and inflation prospects of the euro area. In particular, positive confidence effects have more than offset the negative implications of the portfolio rebalancing out of foreign into euro area equity markets that has been observed after the announcement of 22 January. Moreover, the results suggest that the depreciation of the euro was driven by a fall in euro area real interest rates (the signalling channel), in particular in view of the expectation of monetary normalisation in the US. This suggests that the announcement reinforced the significant and increasing differences in the monetary policy cycles of the major advanced economies. Importantly, we find that only the signalling channel is consistent with the finding of depreciation pressures on the euro exchange rate: the confidence channel should, ceteris paribus, have supported the euro exchange rate, at least against the US dollar and the Japanese yen, the ultimates safe haven currencies.
Similarly, portfolio re-balancing should also have prevented a stronger depreciation of the euro given the observed pattern of portfolio re-balancing into euro area equity markets.
Finally, low bond inflows into the euro area relative to the US and advanced economies as a whole suggest some portfolio re-balancing into US relative to euro area bond markets.
Comparison to previous ECB unconventional measures
It is also insightful to contrast the effects and transmission channels of the EAPP announcement on 22 January 2015 to those of previous ECB announcements of unconventional monetary policy actions, namely the announcements of the SMP programme in 2010 and 2011 as well as the OMT in 2012. We obtain estimates for the impact of the OMT and SMP announcements on asset prices and for their transmission channels from regressions of Equation (1) replacing the EAPP dummy by an OMT or an SMP dummy.
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Results for the impact of these announcements on asset prices and transmission channels are reported in Tables 4 and 5 and plotted in Figure 1. 
Domestic and global impact
Regarding the domestic effects the major difference across the ECB's announcements of unconventional monetary policy measures is that equity prices increased in response to the EAPP and the OMT but not after the SMP announcement, and that in contrast to the EAPP announcement on 22 January 2015 the OMT and the SMP announcements led to a marked decline in intra-euro area sovereign bond yield spreads. The upper panel of Figure   1 shows that in response to the OMT announcement euro area equities benefited strongly, 13 The OMT dummy equals unity on 26 July 2012 ("Whatever it takes") and 6 September 2012 (Governing Council statement on OMT modalities). Likewise, the SMP dummy equals unity on 10 May 2010 (introduction of SMP) and 8 August 2011 (re-activation of SMP). The results for the financial market impact of the OMT and SMP announcements are similar to those reported in Fratzscher et al. (2014) and Rogers et al. (2014) . even more than after the EAPP announcement; in contrast, euro area equities did not respond to the SMP announcement. Euro area sovereign bond yields fell in response to the EAPP but increased after the OMT announcement, albeit the magnitudes were minuscule.
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The major difference in the global spillovers across the ECB's announcements of unconventional monetary policy measures is the marked depreciation of the euro in response to the EAPP announcement. Specifically, while the euro depreciated broadly after the EAPP announcement, the immediate response to the OMT and the SMP announcements was rather limited.
15 Moreover, the magnitude of spillovers to equity prices was largely similar across the EAPP, the OMT and the SMP announcements. Similarly to the EAPP announcement, the responses of global bond yields to the OMT and SMP announcements were rather muted.
Differences in transmission channels
The lower panel of Figure 1 shows that concerning the domestic effects of the ECB's announcements euro area equity prices were boosted through the signalling, confidence and portfolio re-balancing channel in case of the EAPP announcement, while they benefited mainly through the confidence channel in case of the OMT announcement. In particular, real interest rates remained broadly unchanged in response to the OMT announcement as sovereign bond yields increased in tandem with inflation expectations (see Table 5 );
and equity flows to the euro area did not increase in response to the OMT announcement.
However, the OMT announcement markedly reduced both global and euro area-specific risk aversion leading to positive confidence effects.
The lower panel of Figure 1 suggests that the three ECB announcements of unconventional 14 Obviously, in contrast to the EAPP announcement sovereign bond yields in stressed euro area countries declined sharply in response to the OMT and SMP announcements (see Table 5 ).
15 While the immediate response of the euro exchange rate to the OMT announcement was muted, considerable evidence suggests that the gradual return of investors confidence caused by the OMT was among the main drivers of the broad-based and sustained appreciation of the euro in the second half of 2012.
monetary policy action also impacted global financial markets through different channels.
In particular, the transmission of the EAPP and the OMT announcements to non-euro area equities were all driven by confidence effects: the VIX fell and the relative magnitudes of the fall across the EAPP and the OMT announcements is consistent with the relative increase in equity prices. In contrast, the decline in equity prices in response to the SMP announcement is consistent with portfolio re-balancing: advanced and emerging market economies experienced equity outflows.
Robustness checks
We explore the sensitivity of our results to (i) using different price fixing times, and (ii) considering a wider set of EAPP announcements. Specifically, we change the price fixing time of the bilateral euro exchange rate from New York fixing time to London fixing time.
Moreover, for equity indices we consider opening prices on the day following the ECB's EAPP announcement for all countries rather than only for Asian economies, while we consider closing prices in t + 1 for all bond yields. In order to expand the set of EAPPrelated announcements, we additionally consider the ECB Governing Council meeting of 4 September 2014, when the ECB announced it would launch an asset purchase programme (APP) which involved asset-backed securities and covered bonds and which was extended on 22 January 2015 to include sovereign bond purchases (the EAPP).
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The outcomes of these robustness checks are reported in Table 6 . The results are very similar to those from our baseline when changing the price fixing times for exchange rates and equities. For sovereign bond yields, the analysis suggests that yields in advanced economies dropped significantly on the day following the ECB's EAPP announcement, while they had remained broadly unchanged on the day of the announcement. This may reflect gradual portfolio re-balancing of large international investors such as government pension funds. This would be in line with the finding of a portfolio re-balancing into US bond markets in our baseline results above.
Finally, our results are qualitatively similar to the baseline when we add 4 September 2014 as an additional EAPP-related announcement. Quantitatively, the financial market impact appears to be weaker, which may reflect the much smaller scope of the APP relative to the EAPP regarding the total volume of purchases.
Cross-country heterogeneities in the impact of the EAPP announcement
The global financial market impact of the ECB's EAPP announcement on 22 January 2015 differed across economies, even within the country groups we have considered so far.
In order to shed light on why asset prices in some economies responded more strongly to the EAPP announcement we build on a gravity-type framework of movements in asset prices (see Martin and Rey, 2004; Portes and Rey, 2005) 
where the estimates β (j) i1 are obtained from country-specific versions of the regressions in Equation (1). Specifically, the explanatory variables include standard gravity-type variables (geographic distance to the euro area and country size, Dist i and lGDP i ), variables reflecting financial openness and integration (the gross foreign asset and liability position relative to GDP, GF AL2GDP i ), measures of the strength of an economy's bilateral integration with the euro area (the shares of an economy's total trade and financial integration that is accounted for by the euro area, T radeEA i and F inIntEA i ), and a measure of the attractiveness of economy i for carry trades (the interest rate differential, iDif f i ); for the case of the asset price change under consideration being the exchange rate we also enter the exchange rate regime as explanatory variable.
The results for the regressions in Equation (3) are reported in Table 7 . Specifically, exchange rates, equity prices and bond yields responded more strongly to the ECB's EAPP announcement on 22 January 2015 in economies which are more financially integrated with the rest of the world overall. Moreover, currencies under a more flexible exchange rate regime displayed a stronger depreciation. Equity prices responded more and exchange rates less strongly to the EAPP announcement in economies with stronger trade and financial integration with the euro area, which is consistent with their closer business cycle correlation with the euro area in general and the hypothesis that these economies will experience larger positive growth spillovers from the euro area in response to the EAPP. Finally, exchange rates depreciated more in economies in which the scope for carry trades was larger, as reflected by larger interest rate differentials with the euro area.
This finding is consistent with the hypothesis that the EAPP increased the attractiveness of carry trades by lowering volatility in financial markets-a measure of the price of a carry trade-and that high-yield currencies benefited more from the increased carry trade activity. Moreover, this is consistent with the importance of the confidence channel for the transmission of the EAPP to global equity prices discussed in Section 3.2.2, the latter increased more strongly in economies which investors would typically consider as more risky assets (again as reflected by higher interest rate differentials). The lack of statistically significant coefficient estimates for cross-country heterogeneities in the responses of bond yields to the EAPP announcement is consistent with our finding of rather limited global spillovers to bond markets.
Conclusion
In this paper we evaluate the global financial market responses to the ECB's announcement of EAPP and compare them to those of previous ECB announcements of unconventional monetary policy measures. We find that the EAPP announcement caused a broad-based depreciation of the euro and increases in domestic and global equity prices.
Moreover, only the EAPP announcement had an immediate impact on the euro exchange rate, and it did so mainly through the signalling channel. Euro area equities benefited only from the EAPP and the OMT announcements; confidence effects were more important with the OMT announcement, and portfolio re-balancing and signalling channel with the EAPP announcement. Finally, while global equity prices responded to all announcements of ECB unconventional monetary policy measures confidence effects were dominant for the EAPP and the OMT but portfolio re-balancing for the SMP announcement.
Future research should examine the extent to which the impact of the ECB's EAPP announcement has been persistent and transmitted to the macroeconomy in terms of output growth and inflation in the euro area, possibly in a similar vein to Altavilla et al. (2014) . Similarly, future research should also evaluate the extent to which the EAPP has generated sustained capital flows to emerging market economies. Source: Daily data on bilateral euro exchange rates, 10-year government bond yields and stock market indices are taken from Bloomberg. Exchange rates are based on New York fixing times. Equity and bond prices are based on local closing times. Significance levels refer to the significance of the β 1 -coefficient in Equation (1): + p < 0.20, * p < 0.10, ** p < 0.05, *** p < 0.01. Standard errors are robust to heteroskedasticity. Significance levels refer to the significance of the β 1 -coefficient in Equation (1): + p < 0.20, * p < 0.10, ** p < 0.05, *** p < 0.01. Standard errors are robust to heteroskedasticity. Significance levels refer to the significance of the β 1 -coefficient in Equation (1): + p < 0.20, * p < 0.10, ** p < 0.05, *** p < 0.01. Standard errors are robust to heteroskedasticity. Source: Authors' calculations. Significance levels refer to the significance of the β 1 -coefficient in Equation (1): + p < 0.20, * p < 0.10, ** p < 0.05, *** p < 0.01. Standard errors are robust to heteroskedasticity. Significance levels refer to the significance of the β 1 -coefficient in Equation (1): + p < 0.20, * p < 0.10, ** p < 0.05, *** p < 0.01. Standard errors are robust to heteroskedasticity. Euro area Advanced EME Notes: The upper panel displays the effects of the ECB's EAPP, OMT and SMP announcements on asset prices, separately for the euro area, advanced economies (excl. the euro area) and emerging market economies. The lower panel displays the effects on the transmission channels. The results for the VIX are identical across groups as the VIX is a global variable. Results for the VIX are divided by 10 in order to make the right-hand side panel easier to read. We only report results that are statistically significant at least at the 10% significance level.
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